SUMMARY In 154 white children aged 8 to 18 years from four large kindreds, relationships among blood pressure (BP), age, sex, body size, and electrolyte excretion were studied. Each kindred was ascertained through one male aged 35-58 years with essential hypertension, namely, a diastollc blood pressure (DBP) over 95 mm Hg. Weight, relative weight (relative to NCHS median for age, sex, and stature), subcutaneous fatfolds, various indices of obesity, and other measures of body size were significantly correlated with systolic blood pressure (SBP) and DBP in each sex (r = 0.3 to 0.7). Sodium and potassium excretion in 24-hour urine was also positively correlated with some measures of body size, and tended to increase with body size at a slightly more rapid rate in boys than in girls. In addition, there was a strong correlation between electrolyte excretion and BP in boys (r = 0.2 to 0.6); however, when the effects of age, body size and fatness were statistically removed, the correlations between BP and electrolyte excretion were not significant, except for 4th phase diastolic pressure (DBP 4 ). These data, therefore, while not strongly supporting a relationship between sodium excretion and BP In children, do not rule out such a relationship, especially in families with a history of hypertension. In addition, these data provide further evidence of a very strong association between BP and body size and fatness in boys and girls. risk factor for coronary heart disease. Evidence continues to accumulate that BP tends to "track" over time; that is, a BP at one age tends to be predictive of BP at a later age.
154 children aged 8 to 18 years who are members of four white families each ascertained through one male with essential hypertension. As part of the National Heart, Lung and Blood Institute's Multiple Risk Factor Intervention Trial (MRFIT), more than 20,000 men aged 35-58 years were screened in and near Dayton, Ohio, M> " Part of this screening included three measurements of seated BP. Only about 3.5% of the screened men were selected for participation in the MRFIT program. They were in the upper 10% of risk of death from coronary heart disease (CHD) because of the presence of elevated serum cholesterol, DBP, and cigarette smoking. In addition, they did not have pre-existing CHD, diabetes, ECG abnormalities, and a variety of other exclusion criteria, including unwillingness to modify diet and smoking habits."
The 19,589 Dayton-area men who were screened, but not selected for participation in MRFIT, formed the pool from which probands of the present kindreds were obtained. About 10% of these men had a mean 5th phase diastolic blood pressure (DBP«) greater than 95 mm Hg, the only initial criterion for inclusion in the present study. These men were sent questionnaires asking about local family size and interest in participating in this research study; 31% (644) returned the questionnaires, of which about one-third (206) indicated the respondent had 10 or more local relatives. After extensive telephone and home interviews with all 206 men, 16 men were identified who each had more than 50 local relatives; this was the number set as the minimum goal for family size. Subsequent to contact with relatives, 10 of these families were found to have sufficient individuals considered likely to participate.
The 10 probands were given extensive medical examinations to confirm the diagnosis of essential hypertension (DBP greater than 95 mm Hg, without apparent cause). After these examinations, seven men and their families were considered eligible for the study; budgetary restrictions limited enrollment to one black and four white families. The number of participating family members in the black kindred was 63; the four white kindreds included 60, 216, 48, and 205 members respectively.
Blood Pressure Measurement -Assessment Protocol
At the participant's first visit, seated BP was measured four times during one twenty-minute sitting period, in the right arm, to the nearest even mm Hg; 2 minutes elapsed between sequential measurements. The first and third measurements were assessed with a standard mercury sphygmomanometer (Baumanometer) and the second and fourth with a random zero sphygmomanometer. Cuff size was selected on the basis of arm dimensions.
1 " 1 " The cuff was applied only once and remained in place at least 10 minutes before the first BP was recorded. All measurements were made between 8:00 and 9:30 a.m. in the same room at a temperature of 21.5° ± 1.5°C. The firstvisit BP used in the reported analyses is the mean of the four measurements for each individual.
Blood Pressure Measurement -Observer Training and Variability
The seated BP was measured by observers trained and certified according to MRFIT procedures." In addition, observers were trained to accurately record DBP4. The training and certification procedures developed by MRFIT were complemented by training using a special video cassette developed at Indiana University as part of the High Blood Pressure in the Young Program. 2 * In addition to the training function, the video cassette was used to test for intra-and interobserver variation in detecting the first, fourth and fifth Korotkoff sounds (DBPL DBP 4 , DBP B ). The results from these tests indicate that significant (p < 0.05) mean differences seldom occurred between replicates for an observer. When they did, the mean difference between replicates was less than 1.0 mm Hg. Likewise, there were few significant differences between the mean values obtained by an observer at viewings several days apart. None of these significant differences exceeded 1.5 mm Hg, but the differences tended to be higher for DBP 4 than for SBP or DBP B . While slightly more variation occurred from day to day with a single observer than occurred on any given day, in neither case was intraobserver replicability considered a problem.
Interobserver variation was assessed using the video cassette in addition to separate tests using double stethoscopes on test subjects. Statistically significant (p <, 0.05) differences between observers were not uncommon, but the differences were almost always less than 3.0 mm Hg. When among-observer significant differences exceeding 3.0 mm Hg were found, all observers were retrained and retested. Experiments with double stethoscopes testing interobserver variation provided data consistent with those from experiments with the video cassette.
Blood Pressure Measurement -Digit Preference
In the present study, digit preference was not observed with the random zero sphygmomanometer. With the standard mercury sphygmomanometer, all six observers used in this study showed some digit preference, despite the intensive training. The SBP and DBP5 presented the least problem; only three of the six observers showed significant digit preference. The preferred digit (usually 0) occurred at frequencies higher than the expected 20%, but less than 30%. Five observers showed a significant digit preference for DBP 4 , with preferred digit frequencies near 40% indicating that DBP 4 was less accurately assessed than the others.
Blood Pressure Measurement -Order Effects
Comparisons were made between first and third measurements (standard sphygmomanometer) and second and fourth measurements (random zero sphygmomanometer). There were no significant differences between measurements for either device or for any BP 81 " Relative weight is defined as 100 times the child's weight divided by the National Center for Health Statistics median weight"-*• for the child's race, age, sex, and stature.
Results

Age and Sex Trends
The means and standard deviations of the variables discussed in this paper are given for each 2-year age group in table 1 (boys) and table 2 (girls). The number of children in each age group and sex is about 15. Significant (0.05 level) sex differences within age groups occurred for some variables primarily in the older, post-pubertal age groups. Without exception, mean skinfold thicknesses for girls were larger than the corresponding thicknesses for boys; these differences were significant at 8.0-9.9 years for all three sites and at 14.0-15.9 years for the triceps and subscapular sites. Boys in the 14.0-15.9 and 16.0-17.9 year groups were significantly taller and had greater biacromial breadths and larger surface area than girls of corresponding age. In addition, boys in the 16.0-17.9 year group were significantly heavier and had a higher SBP than the girls.
Significant sex differences for the electrolytes and creatinine paralleled those for the body size variables, that is, boys in the 14.0-15.9 and 16.0-17.9 age groups excreted more sodium, potassium, and creatinine than girls. Boys in the 10.0-11.9 age groups also excreted significantly more sodium and creatinine than girls of the same age. There was a much steeper increase in electrolyte and creatinine excretion over age in boys than in girls.
Body Size and Blood Pressure
Sex-specific correlations between BP and measures of body size and fatness are given in table 3. Significant correlations between BP and body size variables were found in almost all cases. Generally, the relationships are consistent across sex; however, some sex differences may exist. Correlations between SBP and variables other than subcutaneous fatness tend to be slightly higher in boys than in girls. The corresponding correlations with DBP 4 and DBPB are similar in the two sexes. The positive associations between BP and skinfold measurements are generally higher in girls than in boys.
The first-order partial correlations controlled for age effects (table 3) show that the statistically significant correlations between BP and body size are not simply reflections of age effects. While there is some reduction in many of the correlation coefficients as a result of removing age effects, age alone has relatively little effect independent of body size or fatness.
The measures of body size that best explain the observed relationships with BP were identified using sexspecific multiple regression models. A three-part approach was employed: 1) equations using all of the body size and fatness variables were developed, and these necessarily accounted for the maximum amount of variation (R 1 ) in the dependent BP variable; 2) multiple stepwise regression procedures were used to find the "best" equation accounting for the most variation with a small number of variables, and 3) sets of a few selected variables were entered in equations to determine if an equation using independent variables common to both sexes and all BP phases could be found without appreciably decreasing the R 2 . Table 4 reports the results of these procedures.
Equations using stature, weight, and triceps skinfold thickness were sufficient to account for virtually all of the variation resulting from age and body size differences. After the effects of these three variables were removed, no significant regression was found with the remaining variables in a multiple stepwise procedure. In the "best" equations resulting from forward stepwise regression for each BP phase in boys and girls, the variables listed in table 4 were significant. The proportion of variation (R 2 ) accounted for by any equation using stature, weight, and triceps skinfold was very similar to that accounted for by the corresponding "best" equation. The implication is that, at least in this sample, anthropometry beyond the commonly measured stature, weight, and triceps skinfold thickness adds little in terms of explaining body size and fatness effects on BP.
Body Size and Electrolytes Sex differences were observed in the correlations between age or the body size and fatness variables and electrolytes. Sodium and potassium excretion was more strongly related to age and body size and fatness in boys than in girls (table 5). Table 5 also presents the first-order partial correlations between electrolyte and body size variables with age removed. Age alone did not account for the significant relationships observed.
The relationship between sodium or potassium excretion and body size (weight or surface area, for example) is linear in boys and girls in the present study. There is no significant (p <. 0.05) sex difference in the intercepts or slopes of the regression lines of sodium or potassium excretion on weight, for example; however, boys tend to have a steeper slope for both electrolytes. Table 6 shows that only in boys was there a significant positive correlation between BP and electrolyte excretion. Statistically significant positive cor- relations from 0.24 to 0.59 were observed between every BP-electrolyte pair in boys; however, in girls no significant correlations were found.
Blood Pressure and Electrolytes
Because electrolyte excretion is highly correlated with many measures of body size and because the same measures of body size are highly correlated with BP, perhaps it is not surprising to find that BP and electrolyte excretion are correlated. To determine if the BP and electrolyte association was simply a reflection of their individual relationships to body size, the effects of body size and fatness were statistically removed (using multiple linear regression) from BP and electrolyte variables. The relationships between the residual BP and residual electrolyte excretions are given as partial correlations in table 7. In girls there are no significant correlations; however, in boys, DBP « is positively and significantly correlated with sodium and potassium excretion. Significant correlations between BP and sodium/potassium ratio were not found in boys or girls.
Discussion Blood Pressure, Age, and Sex Trends
The young relatives of hypertensive men in the present study do not have elevated BP compared to the general population. Unfortunately, the "norms," which are based on larger population surveys, are representative of more casual BP recordings than those assessed in the present study. The level of each BP phase across age in both boys and girls in the •Independent variables considered were: 1) age, 2) stature, 3) weight, 4) Quetelet index, 5) ponderal index, 6) surface area, 7) relative weight, 8) triceps skinfold, 9) subscapular skinfold, 10) suprailiac skinfold, 11) biacromial breadth, and 12) bicristal breadth. SBP = systolic blood pressure; DBP4 = diastolic blood pressure 4th phase; DBP5 = diastolic blood pressure 5th phase. present sample closely parallels normative data; 37 ' " however, the values for SBP are 8 to 10 mm Hg below the norms and those for DBP, are 5 to 6 mm Hg below the norms. There is a corresponding difference between the present means of DBP 4 and the means reported by the Task Force on Blood Pressure Control in Children;" however, the present means were only 2 to 4 mm Hg below these norms. The DBP4 was not measured in the National Health and Nutrition Examination Surveys."
The pressure at the fourth Korotkoff sound (DBP 4 ) is the preferred indirect measure of DBP in children, in whom these sounds may occasionally be heard even when the cuff is completely deflated. 87 Measures of intra-and interobserver variability in the present study demonstrated that DBP 4 could be measured satisfactorily if considerable attention were given to the training and retraining of observers. However, DBP 4 was more difficult to measure reliably than SBP or DBP S , as evidenced by slightly higher intra-and in- terobserver variability and increased digit preference associated with DBP 4 measured with the standard sphygmomanometer. The absence of an order effect in the present series of four measurements and the fact that the observed BP in these children was substantially below published norms suggest that the BP measured in these children tended toward basal levels, as in the Bogalusa Study."
Blood Pressure and Body Size
The positive association of body weight with hypertension and general cardiovascular disease mortality is well established in adults. ' Weight and stature have been shown to be major BP determinants in children."-" Almost 40% of the BP variability in children aged 5 to 14 years from Bogalusa, Louisiana, can be explained by factors such as stature, weight, triceps skinfold thickness, and arm circumference." Voors and his colleagues" suggest that the effect of body size on BP is sufficiently large that normative data should include adjustments for these body dimensions. Data from the present study are in complete agreement with this notion; stature, weight, and triceps skinfold thickness account for 20% to 30% of BP variation in girls and 20% to 50% in boys. Age can account for only a relatively small proportion of the BP variation when compared to that which can be explained by stature, weight, and triceps skinfold thickness.
Measures of body size such as weight and stature are highly correlated with age in children; however, of two children of similar age and weight, one may be obese and the other thin because of differences in stature. Numerous indices have been developed to address the problem of "overweight" or "obesity"; those examined in the current study include: Quetelet body build index (W/S 2 ), Rohrer body bulk index (W/S*), and relative weight." These indices supply information relevant to body size and whether mass is proportional to size. In our current study, BP is correlated with these indices, but somewhat higher with W/S 1 than with W/S 3 . Voors and associates" found that log i o W/S s was a major determinant of BP in children aged 5 to 14 years.
Use of relative weight approaches the problem of obesity from a slightly different perspective. Here, each individual's weight is compared to the mean weight of other individuals of approximately the same stature who are in the same race, sex, and age group. A systematic increment in BP with relative body weight was found for adult males and females in the Alameda study" and for children in the Muscatine study.** 1 *" Similarly, in the current study, relative weight is positively correlated with BP, most strongly with SBP. This indicates that increased weight (most often fat) for a given stature, sex, and race is associated with increased BP.
Thickness of the subcutaneous fat layer may be used as another measure of obesity. Significant differences between low BP and high BP groups in their subscapular skinfold thickness and weight, but not in stature were found by Tibblin and associates. 47 Significant positive correlations between DBP and skinfold thickness in children aged 8 to 12 years have been reported also. 14 In the current study, the correlations between skinfold thickness and BP, while significant, were considerably lower than those for the obesity indices or other measures of size such as stature, and the body breadths. However, subcutaneous fat thickness did appear as a significant variable in several regression equations of BP on body size variables.
Excess weight and excess subcutaneous fat thickness have been reported not to significantly increase the risk of CHD in association with hypertension unless there is a high level of cholesterol, or gross obesity. 4 *' " Because BP is correlated positively with body weight, it is not surprising that essential hypertension is correlated strongly with obesity, not only in adults, 50 "" but in children. 40 '""" The causative effect, if any, of overweight on BP in children remains a matter of conjecture.
Blood Pressure and Electrolytes
Increased sodium intake is perhaps the most widely discussed environmental variable relating to hypertension. A good deal of evidence exists that increased salt ingestion is etiologically involved in hypertension. Increased BP levels or increased prevalence of hypertension has been noted in numerous populations with high levels of salt in their drinking water."-M Conversely, groups like the Yanomamo Indians, who do not use salt in their diet, have low BP levels and show little or no BP increase with age." An almost linear relationship exists between average salt (NaCl) intake and the prevalence of hypertension in several different geographical and racial groups. 18 ' *"
•81 In epidemiological studies of the types cited, however, it is virtually impossible to allow for all possible covariables when making cross-cultural or cross-geographical comparisons.
In many cases, salt restriction has proven effective in preventing or treating essential hypertension. 82*4 In certain hypertension-prone strains of rats, the causal effect of salt intake in producing hypertension is direct and unequivocal. 22 ' "• M The role of electrolytes other than sodium in hypertension has also been investigated. The prevalence of hypertension is considered not only a direct function of net sodium intake, but also, an inverse function of calcium and potassium intake. 8770 The ratio of sodium-to-potassium excretion has been reported to show an association with BP 89 ' 71 and to be involved in the etiology of hypertension. 72 No association between BP and the sodium/potassium ratio exists in the present study. While a positive correlation between age and electrolyte excretion is observed, the age effect alone does not account for the relationship between electrolyte excretion and body size.
A genetic susceptibility to a BP increase with a high sodium intake has been suggested to occur in some "salt-sensitive" individuals. 71 The recent study of Pietinen and associates'* indicates that a relationship CORRELATES OB BLOOD PRESSURE IN YOVTH/Siervogel el aJ.
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between sodium excretion and BP occurs only in families with essential hypertension. A very definite, positive association of BP with electrolyte excretion, weight, and W/S* was observed in young adults with a family history of hypertension, but none in those without a family history of hypertension." This would be consistent with the concept of a genetically-based salt sensitivity of BP. However, there are many problems with this study that could decrease the possibility of finding a true relationship if one existed, and increase the chance of a spurious association. For example, in the study of Pietinen and coworkers, 18 there was a relatively small sample size, mixed races, reported as opposed to measured family history of hypertension, differing methods of BP assessment during the study, use of an aneroid sphygmomanometcr, and failure to adjust for size differences among subjects. In the present study, BP is positively associated with sodium or potassium in boys; however, when a correction is made for the relationship of BP and size, the BP relationship with the electrolytes is substantially decreased. Only for DBP 4 did the association remain significant.
Conclusions
This study of white children aged 8 to 18 years, who are members of four large kindreds each ascertained through one male with essential hypertension, has provided further evidence of a strong positive relationship between BP and measures of body size. The children with the higher relative weights or other indices of obesity tend to have higher BP. There is equivocal evidence of a relationship between BP and sodium or potassium excretion after adjusting for differences in body size. The relationship of body size and fatness to electrolyte excretion accounts for the observed relationships between BP and electrolytes except in boys for DBP 4 . While the current study should not be interpreted as providing strong support for the notion of a BP-electrolyte relationship in families with positive history of hypertension, they are not inconsistent with that hypothesis.
